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Abstract 

Successful undergraduate students are required to demonstrate critical 

thinking and effective writing skills in their final year project dissertation, but 

the early years of some science degree programmes may not fully prepare 

them for this challenge.  This study investigated the value of earlier 

engagement with scientific literacy skills by assessing the impact of 

rehearsing critical thinking and extended scientific writing tasks earlier in 

the degree programme.  This paper reports a small-scale case study of a 

single cohort of students on B.Sc. (Hons.) Biomedical Sciences degree 

schemes at a research intensive university and describes quantitative 

analysis of students’ performance in two research-driven writing tasks at 

different stages of the degree: a literature review in Year 2 and a research 

dissertation in the final year.  The results of this study support the concept 

that earlier exposure to extended writing tasks requiring scientific literacy 

skills is beneficial for students whose final year project has a similar 

literature-based format; the experience of completing the literature review 

appears particularly valuable in improving the academic performance of 

weaker students. 
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1. Introduction 

Most undergraduate students are expected to write a dissertation during the final year of 

their degree programme; the perceived pedagogic value of this task encompasses 

development of independent learning characteristics that require deep learning approaches.  

A student’s successful demonstration of higher-order cognitive skills (such as critical 

evaluation and synthesis of ideas) is embedded in, and evidenced by, their written 

dissertation.  For science students, in particular, the final year dissertation may represent the 

longest and most complex piece of writing they undertake during their undergraduate 

degree.  Scientific literacy encompasses skills of interpreting, evaluating and 

communicating scientific evidence; such skills are recognised as important attributes by 

employers, course tutors and students alike.  Bioscience employers rate ‘written 

communication’ above other general skills, including numeracy and other core skills 

(Saunders & Zuzel, 2010) and course tutors recognise scientific and critical analytical 

writing skills as important outcome measures for Life Sciences degrees (Rosenfeld, 

Courtney & Fowles, 2004; Marbach-Ad & Aviv-Elyashiv, 2005).  Biosciences students 

themselves also perceive effective writing to be an important component of their skill set; 

however, diagnostic tests in early years at university indicate that the writing skills of the 

undergraduate Biosciences student population are weak (Marbach-Ad & Aviv-Elyashiv 

2005; Jones, 2011).  The reduced emphasis on extended writing in the school curriculum 

and, increasingly, in the early stages of undergraduate degree programmes mean that 

writing opportunities may be limited (Kellogg & Whiteford, 2009), so students may be 

unprepared for extended writing tasks. 

Inquiry-based learning activities, such as literature reviews and research projects, can 

improve undergraduate students’ scientific literacy (Gormally et al., 2009) and such 

extended writing tasks can develop deeper approaches to learning (James, 1998).   The 

specific aim of this study was to investigate the impact of undertaking an extended 

scientific writing task at an earlier stage of the degree programme; this task offers students 

prior experience of many of the advanced critical thinking and scientific writing skills that 

are important for success in the final-year research dissertation.   
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2.  Methods 

A small-scale case study of a single cohort of undergraduate students on B.Sc. (Hons.) 

Biomedical Sciences degree schemes was undertaken at a research-intensive University in 

the U.K.  Data were collected relating to two modules assessed primarily through 

production of an extended written report.  32 students on Biomedical Schemes completed 

both a literature review module (Regulated Qualifications Framework (RQF) level 5) in the 

second year of their degree and the project dissertation (RQF level 6) in the final year of 

their degree (module details in Table 1).  Individual students’ prior writing experience was 

not considered, although all students had a common learning experience in the first year of 

their degree schemes.   

Table 1.  Details of the two modules forming the focus of this study 

Module name                      LITERATURE REVIEW PROJECT DISSERTATION 

RQF level           5 (Year 2)        6 (Final Year) 

Report word limit         4000 words          7000 words 

Module weighting         20 credits          40 credits 

     8.3% of year 2      25% of final year  

 1.7% of final degree overall 20% of final degree overall 

  

Academic performance data from the literature review module and the final-year project 

dissertation module were compared.  The final-year project dissertations reported practical 

or library-based research activities.  Projects were allocated according to students’ choice 

and academic performance; only those students with a weighted average mark >52% at 

level 5 were allocated a practical project, although students above this standard could 

undertake a literature-based project if they so wished.  The same cohort of 32 students 

completed the literature review module and the final-year project dissertation module; of 

these, 13 completed literature-based projects and 19 completed practical projects.  The 

marking criteria for both modules addressed the students ability to discuss and critically 

evaluate the research evidence (generating a component mark for the student’s interaction 

with their supervisor) and to present their thoughts and arguments lucidly and concisely in 

written form (generating a component mark for the written report). 

Descriptive statistics demonstrated that all data sets were normally distributed, so standard 

parametric tests (paired or unpaired Students t-tests, as appropriate) were used to test for 

significant differences between groups.   
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3. Results and Discussion 

When both practical and literature-based research projects were considered together, there 

was no significant difference in the average performance for the literature review module 

and the final year dissertation modules (Table 2; p>0.1, paired t-test, n=32).  Furthermore, 

when the written report components of these modules were considered alone, the average 

marks were similar (64.1 ± 7.9% c.f. 64.3 ± 8.2%; p>0.1, paired t-test), confirming that 

effects on other assessment components had not masked any potential improvement in 

writing skills.  This initial result is surprising, as regular reading and writing tasks have 

been shown to improve science students’ academic literacy (Parkinson et al., 2008) and 

tutor feedback has been suggested to aid development of academic writing skills (Court, 

2014).  Separate comparisons of marks in relation to practical and library-based projects, 

however, revealed some interesting differences (Table 2). 

Table 2: Comparison of the same students’ performance in the Year 2 Dissertation module and 

the Final Year Project module.   

 Mean mark 

(%) 

+ standard 

deviation 

Range (%) Paired  

t-test 

ALL PROJECTS (n=32) 

Yr 2 literature review 64.4 8.2 46.6 – 75.3 p>0.05 

(n.s.) Final year project 66.5 8.8 45.1 – 80.3 

LITERATURE-BASED PROJECTS (n=13) 

Yr 2 literature review 57.2 7.3 46.6 – 70.7 p<0.02 

Final year project 65.0 6.9 49.3 - 78.7 

PRACTICAL PROJECTS (n=19) 

Yr 2 literature review 68.5 5.9 57.3 - 74.8 p>0.05 

(n.s.) Final year project 67.5 9.3 45.1 – 80.3 

 

41% (13/32) of students who completed the literature review module in Year 2 also 

undertook a library-based project in their final year.  The average academic performance of 

these students was significantly weaker than those doing practical projects (Table 2).  The 

average Yr 2 literature review mark for students who went on to complete a practical 

project was 68.5+5.9% (n=19), compared to 57.2+7.3% (n=13) for students who went on to 

complete a library project (p<0.02; unpaired t-test).  This finding might be expected, since 

students with lower academic performances in Year 2 were constrained to undertake 

library-based projects in the final year of their degree.  However, the performance of these 

students recovered in the final year, so that there was no significant difference between the 

average marks for practical and library-based project dissertations (Table 2; p>0.1; 

unpaired t-test).  These data reveal a clear improvement in this group’s performance in the 
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second extended writing task i.e. the final year project dissertation.  The performance 

improved from 57.2±7.3% (n=13) in the Year 2 module, to 65.0±6.9% in the final year 

project module (Table 3).  This significant increase in the average mark for the project 

(p<0.02, paired t-test) represents an average improvement of 6.6%.  This improved 

performance supports the proposal that progressive tasks requiring the same set of skills 

allow students to hone their skills (James, 1998), and that this may be particularly 

beneficial for weaker students. 

Table 3:  Comparison of the overall performance of students who completed literature-based 

final year projects and their marks for individual components of the modules (n=13).    

 Mean mark 

(%) 

+ standard 

deviation 

Range (%) Paired  

t-test 

FINAL LITERATURE-BASED PROJECT MARK OVERALL 

Yr 2 literature review 57.2 7.3 46.6 – 70.7 p<0.05 

 Final year project 65.0 6.9 49.3 - 78.7 

MARK FOR WRITTEN REPORT COMPONENT  

Yr 2 literature review 58.1 6.7 46.3 – 70.0 p<0.05 

Final year project 64.2 9.5 53.0 – 82.1 

MARK FOR INTERACTION WITH SUPERVISOR 

Yr 2 literature review 58.2 11.7 44.0 – 78.0 p<0.05 

 Final year project 69.0 10.9 52.8 - 88.0 

 

The final mark of both modules was composed of independent marks for the written report 

component and the supervisor’s assessment of the students ability to participate in 

discussion and critical evaluation of the research topic.  Considering the written report 

component of the assessments only, there was also a significant improvement in these 

students’ marks between the two writing tasks (Table 3; p<0.05, paired t-test); the average 

mark increased from 58.1±6.7% to 64.2±9.5%, with an average improvement of 6.1%. It 

has been shown previously that weaker students are most likely to benefit from practising 

scientific literacy skills (Parkinson et al., 2008), and that repetition of contextual writing 

tasks can be particularly beneficial to weaker students (Johnstone et al., 2002).  However, 

this improvement in the written component does not solely explain the increased module 

mark overall.  The average marks for the supervisors’ assessment of students’ ability to 

participate in critical discussions also increased significantly (from 58.2±11.7% to 

69.0±10.9%; p<0.05, paired t-test) between the two modules (Table 3).  Tutor marks have 

been shown to correlate positively with evidence of deeper approaches to learning, 

including critical thinking / analytical inquiry (Cassidy, 2006).   More direct assessment of 

such skills remains complex and challenging (Liu et al., 2014), but these data suggest a key 

role of the tutor in developing critical thinking skills of weaker students, in particular. 
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Students who chose practical projects achieved similar average marks in their literature 

review module and the project dissertation (Table 2; p>0.1, paired t-test).  Similarly, there 

was no difference in the mark for the written component alone (p>0.1, paired t-test).  In 

contrast to the students undertaking literature-based projects, these data do not demonstrate 

any clear improvement in performance following completion of the literature review 

module in Year 2; there are a number of possible explanations for this.  Students 

undertaking the practical project tended to have a better final mark in the literature review 

module (Table 2; p<0.05, unpaired t-test), suggesting that these students may have refined 

their deep learning and writing skills during this Year 2 module, before starting their final 

year project module, so that no further improvement was apparent.  Alternatively, since the 

practical projects also require students to develop specialised experimental techniques and 

data analysis skills, these students may fail to apply their skills in this different context 

(Stefani et al., 1997; Scott, 2005).  It should also be acknowledged that multiple complex 

factors, including motivation, competitiveness and mastery goals, may contribute to an 

individual’s performance in assessments of higher learning (Harackiewicz et al., 2002), and 

that these influences may not be equal in both groups of students. 

4. Conclusions   

The results of this small-scale study support the concept that earlier exposure to tasks 

requiring advanced scientific literacy skills benefits those students whose final year 

research project activities closely model the template of a literature review; the experience 

of rehearsing these skills appears particularly valuable in improving the academic 

performance of weaker students.  These findings provide the foundation for a more 

extensive longitudinal study of progression through the full degree programme; this would 

allow deeper insight into the ways that extended writing tasks foster higher-order cognitive 

skills, and more comprehensive evaluation of the relative benefits to different sub-sets of 

the student population.  Furthermore, the central role of the tutor in this academic process 

should also be recognised, and it would be useful to evaluate in more detail the contribution 

of individual student-tutor interactions in academic tasks requiring problem-solving, critical 

thinking and effective writing.  Information from these studies is likely to further 

demonstrate the value of including tutor-led extended scientific writing tasks at all stages of 

the degree programme; however it should be recognised that the pressures of increasing 

student numbers (and associated reductions in staff-student ratios) may challenge the 

provision of such individualised, interactive learning experiences. 
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